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chord, feet 
lift coefficient 
pitching moment coefficient 


ас, /ас » rate of change in pitching moment coefficient with 
rate of change in angle of attack, per radian 


the rate of change of pitching noment coefficient with rate 
of change in angle of attack with respect to t/z ‚ per radian 


the elevator power, ver degree 
airplane's darping in pitch, ver radian 


the effect of velocity change on the pitching monent co- 
efficient (includes Mach mumber effect) 


center of gravity, usually expressed as nercent mean aero- 
dynamic chord 


the distance from the center of pravity to the neutral point, 
fect 


pressure altitude, feet 


distance from the center of gravity to the center of nressure 
of the horizontal stabilizer, feet 


distance from the center of gravity to the lin of the nose 
air intake duct, feet 


mass, slugs 

pitching moment, pound-feet; or Mach number 
mean aerodynamic chord, feet or inches 
acceleration 


norral force on nose of airolane due to deflection of air- 
strean along intake axis, pounds 


North American Aviation, Inc., Columbus Division 
Naval Air test Center, Patuxent Fiver, Maryland 


neutral point, usually expressed as nercent mean aero- 
dynamic chord 
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dynamic ^ressure, pounds per square foot 
Wing area, square feet 
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thrust, pounds; static termerature of the jet exhaust, 
ambient termerature, OR 

velocity increment along the flight path, feet ner second 
velocity or airsneed, feet ner second or knots 
calibrated airsneed, feet per second or knots 
equivalent airspeed, fect ner second or knots 


indicated airsveed, feet ner second or knots 


rearward velocity of jet exhaust; an "equivalent" incormressible, 
cold jet flow, feet per second 


true airsneed, feet por second or knots 

weight, pounds 

weight of airflow, pounds rer second 

weight of airflow at sea level, pounds ver second 


vertical distance fron thrust axis to center of gravity, feet 


anple of attack, degrees or radians 
angle between relative wind and duct intake axis, degrees 
stabilizer deflection, degrees 


stabilizer deflection uncorrected for center of жи differ- 
ences between altitudes, degrees 


pitch angle of airplane, degrees or radians 


pitch rate of airplane, degrees »er second or radians per 
second 


density ratio or Gensity at an altitude 
density at sea level 


airplane's relative density factor or us В. 
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AN INVESTIGATION OF THE VAXIATION 
OF ELEVATO? POWS2 AIO DAMPING ІУ PITCH WIVI KACH NUBE? 
FOR AN FJ-38 "FURY ДЕТ" AI2PLANE 


THROUGH STEADY STATE FLIGHT TESTO 


SUMMARY 


ihe purvose of the investigation was to determine the variation 
of elevator power, Со , and daming in nitch, nag › for an rJ-3D 
airplane over a Mach nurber range of .ı to .8 through flight 
tests at altitudes of 10,000 , 20,000 and 30,000 feet. 

The determination of С. y was based on tho analysis of the 
stabilizer position trim curves obtained from level unaccelerated 
flight tests at c.g. locations of 22.7) and 27.77 $ m.a.c. The 
determination of Gap маз based on the analysis of the stabilizer 
position trim curves at n=1 and the raneuvering trim curves at 
n=1.5 for the sare center of gravity locations. 

Analysis of the flight test data indicated the folloving: 

1. The altitude trim curves of stabilizer position versus 
Lift coefficient are non-coincident due to power effects. 

2. The major contributions of nower, (at constant thrust 
and constant lift coefficient), to the character of the altitude trin 


Curves аге; 
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a. Increase in Ccowmvash with altitude caused by the 
induced flow at the tail due to inflow to the jet mixing 
zone. 

b. Increase in normal force with altitude at the air 
duct inlet under accelerated flight conditions. 

3. A close correlation in the magnitude of Cay exists 
between ПАА wind tunnel data and the flight test results over the Lach 
myer range investigated. However, the op»osing character of the 
wind tunnel data and the flight test results indicate a significant 
difference may occur at hipher Mach nurbers warranting further in- 
vestigation. 

h. The decrease in Gag and Cngg with iach nwber at а 
constant lift coefficient, as indicated by the flight test results, 


is due to the destabilizing influence of the power effects. 


it is recorrended thai further investigation of Ong be conducted 
at higher iach numbers to determine if a significant difference in Gng 
occurs, a8 nredicted by the opposing character of the NAA wind tunnel 


data and the flight test results of this investigation. 





AN INVESTIGATION OF THE VARIATION 
CP ELSVATOR POWER AND DAMPING TH! PITCH WITH ACH NUBE? 
FOR AN FJ-3B "TUY JET" ATPPIANE 


THROUGH STEADY STATS FLIGHT TESTS 


INTRODUCTION 


we quest for higher perfor: ance in firhter airplanes has forced 
much attention to be devoted to the stability and control problems 
involved in providing desirable handling qualities througnout the 
flight envelope. Due to recent advances in the Field of instrumenta- 
tion and flight test techniques the acrodynaricist has been able to 
secure the necessary stability and control data through flight test- 
ing methods in conjunction with data obtained tnrough wind tunnel 
tests. ‘the prohibitive expense in wind tunel construction and the 
inaccuracies of small scale models has necessarily pointed out the 
acvantages of actual flight testing methods. One such method is 
called steady state flight testing. 

he nurpose of this investigation vas to deterrine through 
Steady state flight tests the variation of elovator power, Ing , and 
darping in pitch, C..49, for the FJ-3B air»lane over a Mach nurber 
range of approxiratoly .l to .8, at pressure altitudes of 10,000 , 
20,000 and 30,000 feet. 


ihe deter ination of Са چ‎ 5 based on the analysis of the 
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stabilizer nusition tri» curves obtained fror. level unaccoleraiod 
flight tests at two different center of gravity locations. ‘Ze de- 
termination of 5-46 wes based on the analysis of the stabiliser 
position trim curves at m1 and the maneuvering trim curves at 
n=1.5 for the sare center of gravity locations. 

A cormarison of the flight tests results with estimated aero- 
dynaric characteristics furnished by the Worth /легісап Aviation 
Cornoravticn was conducted to noint out the correlation of data. 

tne flight test vortion of the investigation was conducted at 
tue Naval Air 165% conver, W. 4. о. Patuxent %iver, ¿aryland on th 
20th and 2ist days of December 1°58. The analysis was conducted 
during the soring so:ester of 1959 at the Forrestal esearch Center 


of Princeton University, Princeton, New Jersey. 





BQUIPLENT 


he test vehiele used for the flight tests was an FJ-3B airplane, 
Bu. Ho. 136103. The FJ-3B is a single cngine, single placed, fighter 
tyne airplane designed for carrier or land based operations. ‘the 
powerplant is a J65-W-164 axial flow turbojet engine with a thrust 
rating of 7800 pounds. ‘ihe airplane is characterized by the cngine 
intake duct, located in the nose of the fuselage, and the swept back 
wings and empennage as presented in Fig.'s 1. and 14. 

Noteworthy design features include a cambered leading edge and 
combined action of the elevator and horizontal stabilizer known as 
the controllable horizontal stabilizer or the "flying tail". ‘the 
airplane has a conventional, fully retractable tricycle landing gear 
and single-slotted fowler type landing flaps and fuselage-:ounted 
speed brakes. Excellent handling characteristics are maintained 
throughout the speed range of the airplane through the use of arti- 
ficial feel and an irreversible hydraulic control systen to actuate 
the ailerons and stabilizer. Rudder control is »vrovided through tho 
use of the conventional cable systen. The airplane is provided with 
a catapult hook and holdback fittings for take-off, and an arresting 
hook and barrier guard for carrier landings. ‘ho outer panel of each 
wing may be folded for ease in deck handling and storage aboard a 
carrier. Two 200 gallon external fuel drop tanks are attached to 
the inboard wing panels. 

A detailed desorintion of the longitudinal control system is 
as follows: 

1. Iongitudinal control is achieved by deflecting the two movable 


Sections of the controllable horizontal tail. 





2. ‘the forward or stabilizer secticn is overated hydraulically 
and is rechanically Linked to the aft or elevator section causing the 
elevator to move in a definite relationship to the stabilizer moverent 
as presented in Fig. 2. 

3. Stabilizer area is 7.8 sq. ft. and the total elevator arca 
is 11.14 sq. ft. 

h. Stabilizer full deflection is 6° leading edge w and 10° 
leading edge dom. Elevator full deflection is 2937! trailing edge 
down and 21903}! trailing edge up. 

5. ‘the artificial feel system consists of a 2 lb. bob weight, 
a bob weight balancing bungee and an artificial feel spring with a 
preload of 3 lb. anc a spring constant of approximately 3 10. рег 
degree elevator deflection. 

6. Trirming is aecorplished by means of the normal or alternate 
trin switch and the electric trin actuator which prepositions the 
artificial feel snoring to the desired stick feel. Rate of trim is 
h 3/8 1b/sec. 


The following general specifications and dimensions are taken 


fron the ranufacturer's drawings and reports. 


Airplane, general 


iamufacturer North American Aviation Corp. 
туре Navy fighter 
Engine Weight J-65-Wi6A 
Recormended gross weight 
at take off 194500 1b. 
Overall length 37.55 ft. 


Height 13.95 f. 





t 
$ 
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ur 

rz, 
ta 
bed 


Span 27.12 fi. 
total arca 389.32 “2 
“оап aerodyna:ic chord 

Length 101.9) án. 

Distance fron reference dain 

to the leading edge of tle п.а.с. 102.29 in. 
Horizontal tail 
Span 15.08 iz 
Total area 7.18 £t? 
Tail length (distance from .25 wing 

AS, teo .25 tall mars.) 2 cu 
Horizontal Stabilizor 
Area exnosed 27.91 fi^ 
Maxim. deflection 10° dom; 6° un 
levator 
Span 19.15 Sm. 
Total area 11.1) 252 
Maximan deflection 2°37! down , 2103.1 wo 
Length OSO. 
Jenth 63.19 in. 
Width 60.00 in. 


“ineness ratio 6.131 
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те instrumentation required to obtain the necessary data Гог 
this investigation consisted of ап airsSoeed indicator, an altimeter, 
an aecelororeter, a Stabilizer nosition indicator, and a fuel load 


counter. The individual instruments are described as follows: 


1. Airspeed indicator 

| The airsneed was measured with a standard sensitive airsnoeed 
indicator connected to the airplane's Pitotv-static. system. he air- 
soeed instrwoent error was assured negligible. A calibration curve 
for airspeed position error is presented in Mig. 3. A view of the 


airspeed indicator is presented in Гір. h. 


2. Altimeter 
The altitude was reasured with a standard sensitive type alti- 


noter. A view of the altimeter is presented in Sig. L. 


3. Acceleroroter 

Since the range of accelerations encountered in the tests wes 
srall,a special acccle:omcter was used for this investigation. гае 
accelero: eter consisted of a glass tube approximately 16 inches in 
length, a sriall coiled spring, a steel weight, and an attachment for 
connecting tne spring to the internal end of the tube. n additional 
weight which was the exact same weight as the installed steel weight 
was used in calibrating the instrumnt. 

With the spring mounted in one end of the lass tube the instru- 
ment was calibrated by securing the tubo in a vertical position, 
hanging the additional weight on the end of the installed weight and 


carefully marking the equilibrium position of the installed weipht on 





the tubo. Іп this manner the tube was calibrated for accelerations 

of two "g's" requiring a spring extension of anproxixate; five inches. 
Assuming the spring constens was linear the fractional "g" positions 
were easily located and inscribed on the tube. “4 view of the accelero- 


meter as mounted in the airplane cockpit is oresented in Pig. h. 
| T I LE 


h. Stabilizer position indicator 

the stabilizer position was :ossurod by a 20 volt, LOC cycle 
alternating cur-ent 2utosym transmitter. ٦ calibration of the stabi- 
lizer position indicator is presented in Сір. Б. <A view of the stabi- 


lizer position indicator is presented in Vig. lh. 


5. Fuel load counter 

A fuel aboard odometer was installed above the instmment panel 
shroud to provide an accurate account of airplane gross weight. The 
counter was set at 915 and was activated at engine light-off. A cali- 
bration curve for the fuel load covnter is presented in Fig. 6. 


ез 


À view of the fuel load counter is presented in Pig. |. 





PROCEDU: tE 


The' test flights were conducted in an ?J-3B Bu. No. 136103 in 
four flights from the ijaval Air Test Center, N. А. 5. Patuxent River, 
Uaryland. 

The flights consisted of obtaining the stabilizer position trim 
curves in level unaccelerated flight and the stabilizer position trin 
curves in syrmetrical vvll ups atl n=1.5 in the cruise configuration. 
The flights were conducted at pressure altitudes of 30,000 , 20,000 
and 10,000 feet at. two different take-off center of gravity ہت‎ 
corresponding to 21.109 and 28.619 %m.a.c. gear up. The tests were 
conducted in accordance with the rethods outlined in the ПАТО Flight 
Test anual, Part Il. “he forward center of gravity position was 
obtained through the positioning of 596 1b. of lead shot ballast in 
the fuselage nose cormartnent at station ЛО. The ballast was reroved 
for the flights at the aft center of gravity position. Weight and 
balance data is oresented in Table Т. 

On all flights the power and trim, at each test altitudo, was 
adjusted to produce a level flight trim indicated airspeed correspond- 
ing to an equivalent airspeed of 250 kts. Once adjusted, the power 
and trim for level flight were held constant throughout the test. 

Tne nrocedure for obtaining the stabilizer position trim curves 
at n=l was as follows: 

1. With the airclane trimmed for level unaccelerated flight in 
the cruise configuration the airspeed was stabilised at selected in- 
crements on eitner side of the trim airspeed, and observations of 


indicated airsveed, stabilizer vosition and fuel counter wore recorded. 





the range of the stabilised indicated airsvecds obtained during the 
test varied from approximately 200 to 300 kts. 

The procedure for obtaining maneuvering stabilizer position trim 
curves at n=1.5 was as follows: 

1. With the airplane trimmed for level unaccelcrated flight in 
the cruise configuration, syretrical null ws were conducped at 


= 


n=1.5 at selected airsneed increments on either side of the trin air- 
sneed. Cbservations of indicated airspeed, stabiliser nosition and 
fuel counter were recorded at each point. The range of selected in- 
dicated airspeeds obtained curing the test varied from aporoxinately 


200 to 300 kts. 


the test flights were conducted in зле following order: 


vest flight lo. vescrintion take-off c.g. 
(5 Stabilizer position trin curves, mn=l 2b.109 7, m. &: b. 


8. 30,000! 
©. 200 
e. 10,000! 


2. Fancuvering stabilizer position trim curves, 
n=1.5 211.109 2 n a.c. 


a. 30,000! 


р. 20,000! 
с. 10,000! 
8. otabilizer position trí: curves, n-1 28.619 $ mn am 
a. 30,000! 
D. 20,000! 
e. ۱ 
|. laneuvering stabilizer positicn trim curves, 
n=1.5 28.619 5 п.а.е. 
8. 30,000! 
В. 20,000! 


с. 10,000! 
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Жж each Might, fuel was consumed from she drop tanks only in 
were visually observed by the pilot and manually recorded. 

ñ > بے‎ ٠ + y " J. Ld 3 وج‎ а .. 

Serologic soundings of the atmosnhere were obtained fro: the 
НАТО Patuxent iver Aerology Department for tne veriod covering tie 
vost flignts. stmosoheric conditions during tne test flights were 





11 
RESULTS 


The observed flight test data is presented in Table fi. and 
;ig.'s 7. and 8. The average weight corresnonding to each Plight 


test was determined from the aporopriate fuel counter - gross weight 


r 


calibration curve presented in Fig. 6. The average с.р. location 
corresponding to cach flight test was determined from tie aporopriate 
gross weight - center of gravity calibration curve presented in 
“ig. 9. The average weights and center of gravity locations for the 
observed flight test data are presented in Table TII. As a sub- 
stantiating factor, test flight /3. was reflown on 10 March. 1959, 
by an NTC pilot. The observed flight test data for the substanviat- 
ing flight, designated as #34, is presented in Table IV. and Fig. 10. 
The airsnecd instrument error was considered negligible. “he 
indicated airspeed was corrected for position error and cotmressi- 
bility. ‘The sosition error correction chart is presented in Mig. 3. ” 
the cormressibility correction chart is nresented in "ig. 11. “he 
stabilizer position indicator calibration curve is presented in Fig. 5. 
‘The determination of Vg, бі and 5” (stabilizer position in 
degrees, uncorrected for center of pravity shift due to fuel consumed 
fro: the droo tanks), is presented in Tables V. through VII. The 
variation of" В” with Ve and A with Cy, are presented in Tig. "g 
12. through 17. 
Utilising the variation of 6° with Cz, presented in Tig. 's 
1h. through 17., the data for flights #1. through 41). were corrected 


to corron c.g. locations of 22.7) and 27.77 5 т.ә.с. vespectivoly, 


as presented in Table VIII. The e.g. shift constants, in degrees of 
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stabilizer рег vercent of m.a.c. change, were determined at constant 
Ст, 15 by dividing the difference in stabilizer angle required by the 
difference in average c.g. locations associated wit: a given altitude 
and normal acceleration. The variation of Ò with Ст, for the c.g. 
locations of 22.7] and 27.77 3 m.a.c. are presented іп Fig.'s 18. 
through 20. and 21. through 23. resnectively. Weight corrections for 


V 


e Were considerec negligible. 


The Xlevator Power, Cno 
1. Theory 
when an airplane is in level flight equilibrium as shown sche- 


matically below, L 
пр. 


со, 
j 02170 90 Мар. 
т.р. 


center of 
pressure 


Le 












the surmation of the vertical forces is 

ие Бр + lo (1) 
where W = airplane weight 

Drp = lift force at the neutral noint 


№ ® change in tail lift due to olevator deflection 


The sumration of roments about the c.g. in level flight equi- 


librium is: 


Mog = Map - Imph - Lele = O (2) 





where Мир is the morent about the neutral voint 
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n is the distance from the c.g. to the neutral point 


1. 15 the distance from the c.g. to the conter of pressure 


of the tail which fcr calculations was assumed to co- 


incide with the quarter chord of the tail 


Substituting eq (1) into eq (2) for Тр we have 


Мар = (9-0) - 101, = 0 


Dividing ea (3) by aSc, we have 


Тар “а ‚е. 
ас дс qs 


which reduces to the following coefficient form 





ы. ٦ 
Mnp vtm ji с 
However 
C 416. 16 
Ме абс а5с 
апа 


or rearranging terms we have 


5 
Pr 


qs 
0 


Substituting eq (6) into eq (5), 


h 2 |1 
Супр - CL S + Gi ye 


Then solving eq (7) ford, 


e 





> elle 5 t$ 


[h-le] = 0 


h 


E I : 
Leip Le 3 TJs 


(3) 


(L) 


(5) 


(6) 


(7) 


(8) 





1}, 


where the first term corresponds to the elevator angle at (150 

and the second terr corresponds to the elevator angle variance with Ûr . 
Differentiating eq (8) with respect to h/c and noting that the 

term [IZA c - h/c] is a constant for a given c.g. location, we have 


dd 0 
d(h/c) ma, |%e _ 4 
өзіс % 
Finally, solving eq (9) for Cuy» the result is 
Сі, | lo/c 


C. < *® w — s 10 
nð e 1,/e 8 x per deg (10) 
aln/e) 


which is the basic expression employed in the determination of elevator 


power and is based on the airplane lift coefficient. 


2. Determination of os, 


The determination of Сау was restricted to a range of 
СТ, = .275 to .325 which constitutes the central portion of the 9 
versus Cr, curves for пе? . In order to deterüne h/c it was nec- 
essary as the initial procedure to determine the location of the neutral 
point. 

In deterrining the neutral point the values of d%/aC, for the 
three test altitudes and for a Cy range of .275 to .325 , as ob- 
tained from the Ó versus Ст curves for n=1 , were plotted versus 
c.g. location as presented in Pig. 24. ‘the neutral point was determined 
as the c.g. corresponding to the 95/аст, zero intercept of the extra- 
volated line drawn through the plotted data points. 

A cormarison of the neutral point variation with Gr with the 


North American Aviation Corporation data is presented in Pig. 25. 
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The doterrination of CG, s in accordance with eq (10) for the three 

test altitudes, c.g. locations of 22.74 and 27.77 5 гп.а.с.; апа а 

Ст range of .275 to .325 is presented in Table IX. + comparison 
of the variation of Cpg With Mach nuber wiih the forth Anerican 


Aviation Corporation data is presented in Fig.'s 26. and 27. 


The Damping in Pitch, C.qe 
1. Theory 
In accordance with Ref. (1) the non-dimensional vitching morent 


equation for longitudinal rotion of a rigid airplane with controls 
fixed and whose thrust vector passes through the c.g. is: 
Cmt + Chat + Cydade + Crggd@ - hd“@ = Cm 5 (11) 
Equation (11) is based on a rigid body development assuring that 
the disturbed motion is one of small oscillations about sore steady 
state flight condition and also that the external forces and moments 
acting on the airplane, due to the perturbations from steady state 
motion, are independent of the accelerations involved. 
For the case of steady level unaccelerated flicht and symmetrical 
pull -uns equation (11) reduces to the following two equations: 
unaccelerated level: 
Олай = Спад (12) 
syrmetrical pull ups: 
Deng + Сто * Cnagdê = Сп; 5 (13) 
If, as in the case of a subsonic aircraft, (W < .75) , it is 
assumed that OC. is negligible and that Cy, is constant for Сі 


equal to a constant, then the duping in nitch may be determined as: 
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ms à 
Се = | 2 = per rad. (1h) 
= 


where 


Ad =D. .یر‎ 


and 


C 
dO = = | - и for symmetrical pull-ups. 


2. Deterfünation of Ende 


чат dee e Фет QUO ee De e S&S COS S&S Q Gib Q Qa. w. w G кат 


The determination of C,ae was restricted to Cy = .325 which 
is the only value of Cy for which Cms was experirentally determined, 
and which lies in the range of Cr, common to the Ó versus Ст, curves 
for n=1 and 1.5. The determination of C,¿g in accordance with 
eq (1l) for altitudes of 10,000 and 20,000 feet, c.g. locations of 
22.7), and 27.77 Z m.a.c., and Cy = .325 , is presented in Table X. 
No experimental value of C go was determined for Cy = .325 atan 
altitude of 30,000 feet since the associated Mach number of ит .8 
is greater than the Mach number range for which eq (1h) rerains valid. 
The theoretical calculation of C,ae is based on the assurption 
that total daring in pitch is the sum of the darming contributions 
of the various airplane components. In the normally configured 
airplane the damping due to the tail is considered the major factor. 
The damping due to the tail occurs as a direct result of the change 
in effective angle of attack of the tail produced by the angular 
velocity. It is the usual practice to evaluate the danning in pitch 
due to the tail and then increase the tail darming by a factor of 
1.1 to account for the other cormonent contributions to the total 
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The theoretical calculation of („go ís given by 


. 3 1 
Cmo = 1-1 Cng -- = per rad. Ref. (1) 
6 


However in the case of the FJ-3B, where the horizontal stabilizer 


is all moveable, the factor € is equal to one, and the equation 


reduces to 
37 
Odo ж 1.1 y — = per rad. (15) 


A cormarison of the theoretical value of Cgo , determined in 
accordance with eq (15) and based on the exverirental value of Ch y 
as determined by eq (10), with the values of Gan , determined fron 
the flight test results in accordance with ea (1h), is presented 


in Table XI. 
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DISCUSSION 


An analysis of the observed flight test data presented in 
Fig.'s 7. and 8., the 5” versus V, curves presented in ٥٤8 
12. and 13., and the Ó versus C, curves presented in rPir.'s 18. 
through 23., incicate the follcvinp: 

1. For any given test flight the three altitude trim curves 
are not coincident but are offset by a near constant pitching moment. 

2. The magnitude of the nose up pitching moment increases as 
altitude increases. 

3. The magnitude of the offsets between the altitude curves 
for n=1.5 is greater than the offsets evidenced for the altitude 
curves at n=1 , for the same lift coefficient. 

h. The near constant nose up pitching moment is independent of 
dynaric pressure variation and therefore not influenced to any large 
extent by aeroolastic »henorena. 

Corparison of the observed flight test data for test flight #3 
presented in rig. 8. and the observed flight test data for the sub- 
stantiating test flight /3A presented in Fig. 10. indicate that the 
test data is reliable. 

The non-coincident character of the altitude trim curves due to 
the nose up pitching morent encountered with altitude increase is 
caused by vower effects. ‘The three major contributions of the jet 
power unit to the longitudinal stability of the airnlane are: 

1. direct thrust effect 

2. induced flow at the tail due to inflow to the jet rixing 

zone 


3. direct norral force effects at the air duct inlet. 





The direct thrust effect, which is given in Ref. (1) as 


et 


m Wc 
does not affect the nose up pitching moment for a constant thrust 
and constant lift coefficient. Therefore the direct thrust effect 
is disregarded. 

The induced flow of air into the mixing zone behind the jet 
nozzle causes a downwash at the tail when the tail is rounted above 
the jet axis. On the basis of constant thrust and constant Cy, the 
downwash increases with altitude due to a decrease in the equivalent 
exit nozzle velocity ratio, IA? . The ratio VI/V is the actual 
exit nozzle velocity ratio corrected for the absolute terperature 
ratio, T'/T . It is noted that the ratio ҮЗДҮ did not exceed a 
value of two throughout the range of airspeeds investigated. 

A detailed analysis of induced flow effects at the tail due to 
inflow to the jet mixing zone is presented in Ref. (2). Tie destabi- 
lizing effect of the downwash is apparent in the increase in down 
stabilizer required to balance the airplane as altitude is increased 
for a constant thrust and a constant lift coefficient. 

The normal force effect is created as a result of the momentum 
change incurred as the free strear is bent along the duct axis. The 
moment due to the normal force can be roughly determined from momentum 


considerations as 


My = "ao = zai ly (16) 


where Way is the sea level weight flow rate of air flowing 
through the duct,in pounds ner second 


аз is the angle between the local flow at the duct entrance 
and the duct axis, in degrees 
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ly is the distance from the c.g. to the duct entrance, 
in feet 


Tn coefficient form eq (16) reduces to: 


2 Wan da l 
mj 57.3 Е о Sc Ve 
which can be expressed as: 
K W. a 
Gu] € i (18) 
where 
K 2 Ш 


s 573 E Po Sc 


The effect of load factor applied through symmetrical pull-ups 
is to reduce the angle between the local flow at the duct entrance 


and the duct axis in accordance with the following relationship: 


3 ЕТЕ 
с; ma = (19) 


which for syrvetrical pull-ups reduces to: 


1 
ај зс; N. ine! 


dote? V 


which can be rewritten as: 


го‏ ۴ د - ره“ ر 
n=1 s‏ 


Substituting the results of eq (20) into eq (18) we have the 


гого general expression for the normal force moment coefficient as: 


RW 16 (1-1) 0 
ab, $ 20: | ай Ë 
От} Ў: Е ыз (21) 
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It is noted that level flight at the same Cy at various alti- 
tudes implies that У, and T are constant. Cn this basis, exami- 
nation of eq (21) reveals the following: 

1. For flight at n=1 the normal force effect is independent 
of altitude. 

2. For flight at m1 the destabilizing influence of the 
normal force effect increases with altitude. This effect accounts for 
the ragnitude of the offsets between the altitude trim curves for 
n=1.5 being preater than the offsets of the altitude trim curves at 


пә1 for the same lift coefficicnt. 


The "levator Power, Cy y 


The deteritination of the neutral point based on data for only two 
с.г. positions is questionable. However, comparison of the flight 
test neutral point variation with life cocfficient, with the North 
American Aviation Corporation Data, as presented in Fig. 25., indicates 
that the data is reliable. 

Corparison of the variation of Los with Mach number, with the 
North American Aviation Corporation data, as presented in Fig.'s 26. 
and 27., reveals the following: 


\ 


1. A close correlation in the magnitude of nx exists between 
the KAA wind tunnel data and tho flight test results over the lach 
number range investigated. However, the opposing character of the 
NAA wind tunnel data and the flight test results indicate that a 
Significant difference may occur at higher Mach numbers warranting 


further investigation. It is noted that the wind tunnel Ong curve 


for the FJ-2 airplane is identical in all respects to that of the FJ-3B. 
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2. ‘the decrease in Las with llach nuber at a constant lift 
coefficient as indicated by the flight test results is due to the de- 
stabilizing influence of the power effects. 

3. Elevator power increases as the c.g. moves forward due to 


an increase in tail length. 


The Darping in Pitch, Chao 


A cormarison of values of Gap deterrinec experi:entally with 
the theoretical values, as presented in Table XI., indicate the 
following: 

1. Close correlation exists between exnerimental and theoreti- 
cal results within the Mach number range (i! < .75) for which eq (1h) 
is considered valid. 

2. No experimental value of Сао was determined for Cy = .325 
at an altitude of 30,000 ft since the associated Mach number 
(М = Di is greater than the Mach number range for which eq (11) re- 
mains valid. At liach numbers greater than .75 the asswptions that 
Cru 45 negligible, and that Chg is constant for Cy, equal to a con- 
stant, are no longer valid; this fact is borne out through examination 
of Fig.'s 20. and 23. where it is noted that at a given Ст, more down 
stabilizer is required for flight at n=1.5 than at n=1 . 

3. The decrease in Cnge With Mach munber at a constant lift 
coefficient as indicated by the flight test results is due to a de- 


crease in бар with Mach number. 





23 
CONCLUSIONS 


It is concluded that: 

1. The flight test data is reliable. 

2. The non-coincident character of the altitude trim curves 
of stabilizer position versus Ст, is due to power effects. 

3. The rajor contributions of power, (at constant, thrust and 
constant lift coefficient), to the character of the altitude trim 
curves are: 

a. Increase in downwash with altitude caused br; the in- 
duced flow at the tail duc to inflow to the jet mincing 
zone. 

b. Increase in norral force with altitude at the air duct 
inlet under accelerated flight conditions. 

h. A close correlation in the magnitude of С, x exists between 
ПАА wind tunnel data and the flight test results over the liach nuzber 
range investigated. However, the opposing character of the IM wind 
tunnel data and the flight test results indicates a significant 
difference may occur at higher Mach number warranting further in- 
vestigation. 


5. The decrease in Сы With Mach nurber at a constant lift 


5 
coefficient, as indicated by the flight test results, is due to the 
destabilizing influence of the power effects. 

6. Close correlation of values for Слав exists between flight 


test and theoretical results for Mach numbers less than .75 for 


which eq (1h) is valid. 
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7. The decrease in GEI 


coefficient, as indicated by the flight test results, is due to a 


with Mach nurber at a constant lift 


decrease of E with Fach number. 





RECOMMENDATIONS 


It is recormended that: 


1. Further investigation of Cm y be conducted at higher 
lach murbers to deterrine if a significant difference in Сау 
occurs, as predicted by the opposing character of the NAA wind 


tunnel data and the flight test results of this investigation. 


2. Greater emphasis be placed on obtaining the variation 
of the stability derivatives with "ach nurber through flight 


test methods. 
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fable I. 
Weight and Balance Data 


Center of Gravity Locations 
for Normal and Ballasted Configurations 


FJ-3B Bu.No. 136103 


SELLA LT LOND A ICP SOCIOL POLL ALIN LN POLL Babe отб th SOE GOT Ty i qnl ab CAM uar o t^ utr nd t mt чт —- w— з» 
| | 106 
Moment Arm | C. G. Care 
A 








| 
(in-1b) (inches from (inches aft | (5 M.A.C.) | 
reference datum | the Н.А.С. | 
to Be ме | Тежи а edge) x 
| д 
3,728,315.5 | x 
1,000.0 * | x 
19,178 35729 5345.5 191.16) 29.171 | 28.619 
~ 2,600 fuel ^' |- 520,000.0 | | x 
16,878 3,209 5ا3 و‎ ,5 | 190.119 27.859 x 27.328 x 
x 
19 8ء‎ 3,728,345.5 | | | 
596 ballast 2|  23,8h0.0 | | | | 
20, 07h 3,752,185.5 x | | 
1,000.0 * | | 
20,071 3,751,185.5 | 196.867 x 217 21.109 | 
- 2,600 fuel - $20,000.0 | | | 
17,474 3,231 ‚185.5 x 184.913 | | 
| 


22.623 |^ 22.192 
| 


——— run nn nn m: - — a. 0 тар a 


l Basic weight includes: full fuel, canopy closed, pilot, parachute and fear down. 
‘Weight of fuel in drop tanks. 

3*Ballast at Station 10. 

Х Gear retraction 


Distance from reference datum to leading edge of H.A.C. = 162.29 in 
Bees s 101.9 in 





table IJ. 


In-Flight Recorded Data 
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Flight Уа 5 Fuel rage Zuel 
No. (knots) | (units) (1bs) а 9 








210 3650 702 
230 
2,5 
SES 0 71:8 
270 
295 
| 212 
average 725 
263 3100 640 
225 8 
210 255 
253.8 * 1 253 5550 680 
265 250 
| 280 21,8 
| 300 2lılı 
| average 660 
| 205 | 26), 2950 580 
| 225 | 250 
| 21,0 255.5 | 
| 250.8 ^ | 253.5 | 3150 622 
| 260 251.5 | 
275 212 


205 





average 601 


ee a CRÁTER Pl Vi a (бйз. 


2 211.109 3900 726 
(n=1.5) 230 265 
262 

258 1180 768 


“е .--4-. n ee ee ee 


y 
i MÀ 


average 11:1 


| 
| 
| 


| 
216 x 26° 
| 
| 
| 





x 
Trim speed 


i 


1 


——— | ے Tee‏ وہ = — — 


ar mn an te mn mn .... u... He cafe dita ja P AC lis ttt fl 5 کاو ید‎ n e dee e Rea e pm 
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Treet EM ne tn 


Tem. | RP. Pressure 


(90) Ve 
-17 m 
| 
| 
| 
-26 азд 
۹ 
o na 
| 
| 
| 
| 
| 
| 
-18 | 86.5 
| 
| 


- 
-m amm میس‎ un 


altitude 
(feet) 


‚ 30,000 


ща. A A ۔‎ 


| 20,000 


KT tn ne an Te “ч 


اف مد 


-— ——— ——— ^en 


e rimam ep ei, PA 


10,066 


30,000 


(em D 


"E e w... مد سو‎ ee سے‎ ма оо твърд. مہ‎ ee EE e оь бын s. ent mà tra! Duy سے‎ Ue in un -- к=з 


= - 
[ Flight 1,0. -C.C. Vs 5 Fuel gage Fuel | Term. | RPE Press ге | 
| E (5 Н.А. C.) (nots) (units) (1з) counter ee) | (3) alts S 
l 


} ау 2% | 


| 


—— a — n + а АА ааа --- -. аа س‎ 


| 

jn 
| 
! 


i 


— ——— — a = 
е 
t 
f 
4 


س اا 


average 607 


| 
E 
Ë 
x 
| 
| 
| 
| 
| 
| 
| 
| 
| 


3,0 


3300 


600 


6hC 


average 620 


00 


1300 


average 755 


3120 


3900 


130 


790 


658 


720 


average 689 


3100 


31,00 


590 


61,6 


| average 610 
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Table II. | 
(continued ) 


Fuel 
| counter 


i Fuel gage 
(units) | (lbs) 
| 


- س‎ — ss = — —— 8 : 
- — en ہی و کی سے ہے‎ өл» — --- ——. и et — 9 e ee жә ——— — A M— - 


| 
619 | 28 
21,3 
211 
239 
237 
236 
235 


№. 1(% H.A.C.) | (Kmots) (°c) 


x 1000 738 | 


11270 780 


average 759 
3550 682 200 
253 
250 
218 
216 
243 
2111 


A a SP بہت ہہ ل2 ر‎ © . - Sas ip adis fa. 


22 ae Sa d 


average 705 


258 
255 
252.5 
251 
219 
21,7 
2113 


3200 622 


3500 668 


E 
x 
| 
| 257 
| 
| 
| 
| 
| 
| 
| 
| 


average 6l5 


——————— 


ote - First point obtained at each altitude was trim speed. 
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($) | altitude] 
| (feet) 


= TYE ——{—- н Раана 9 | 


-L8 m 


30,000 
| 
| 
| 
| 
| 


6 و20 94.2 


x 
x 
"4 
| 
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table III. 


Average weights end Centers of Gravity 


A A ЕН A 


Cbtained from Fig. 9. 


| 
| 
| 
| 
| 
| 


| 
x 





30,000 
20,000 
10,000 


30,000 
20,070 
10,000 





Weight 


18,620 
18,220 
17,850 


18,760 
18,380 
17,560 


18,200 
17,780 
17,340 


18,230 
17,880 
17,500 


sa 


деб. + 


(в Е.А4С.) 


23.03 
22.7k 
22.16 


23.11 
22.86 
22.5h 


27.98 
سے‎ tt 
27.55 


28.05 
OF. Ge 
27.61 
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In-Flight Recorded Data 
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Test Flight No. 3A Conducted by Naval Air Test Center, 
Test Pilot's School Staff as Substantiating Data. 
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Flight No. | 7.0. -C.G. | V; | 5 i Fuel gage Tem. | RA Press. Alt. | 
(Z M.A.C.) (mots) | (units) | (1bs) gë (3) (feet) | 








nn nn m nn — — — ө-.-. 


210 22 | 3800 
230 E M 


u. 4 
2 


| 
| 


3A 28.619 ; 86.5 30,008 
(n=1 ) 
245 ЖІ g 
201.0 їн E Бо 


{ 
RK x 
| | 
| | 
| | 270 23h; 
} 
| 
| 


| 
1 


ہ ہس 


295 | 233 
315 233 


2h. 
2ا2‎ 
210 
238 
237 
236 
23] 


205 217 
‚ 225 21!) 
| 210 212 
250,8 2h0 
260 ‚ 238 
275 Pess 
295 235 


| 
x | 
Б 


| 208 8h.o | 20,000 | 
225 


210 


| 





253.0 


| 3650 
265 
| 
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Г 30 


. 


x 
| 
| 
3200 x -18 | 
| 
| 
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| 
| 
| 
| 
| 
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Deterrination of Equivalent Airspeed, \ 







H 
| р 


о 















| 30,000 | 1:30 | 2.9 |- 5.8 | 205.50 
1.550 [0281 65 ЕК5 20005 
1257 2116.60 | - 8.9 | 237.70 
| 1:220 259.00 1 -10.C | 219.00 
| 55 | 270.95 | 11.4 | 255.56 
| .90 | 295.90 [| -1h.h | 0 
| 10 7 1 e | 203.10 
20,000 | 205 1.35 | 206.35 ; - 2.8 | 203.55 
225 1.10 | 226.10 ji - 3.7 | 222.70 
| 2ho ws АБ i = tee 1١٤۶ 
| 253.8 11-517 225006 
265 1.05 | 266.05 | - 5.8 | 260.25 
| | 2% ‚| 180 | 28с.80 |-6.7 | 27.10 
| 300 490. laBES.OC | -—0.1 +417 
10,000 | 205 1,35. 18.35 |- 1.1 [M205725 . EN 
| 225 | 1.50 | 22640 | - 1.5 | 221.50 EN 
280 — | 1.75 | 2hi.75 | - 1.8 | 239.95 12 
250.8 | 1.40. | 252.20 | - 2.0 (1250.00 (MAS 
260 15 201.15 |- 2.8 | 256.95 ШШ 
oT ‚85 275.05 | - 256.) 273.25. MPO 
“сп Ab у оо | одан с, 


eee 
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| го 
| in 
x 
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Table VI. 


Y 
Determination of Ст versus 9 
ganmecoff C.G. 2h.106 % H.A.C. 





п=1.5 Sn Жс | 


н, [ocn Gugger) — 
| Jina] Д“ | "ave 
feet | mots Séi units| deg | lbs 


121,000 
11); ,000 
161,800 
178,000 


18,620 


153, 800 
226,000 
254,000 


20,060 | 203. 118,200 
112,000 
166,500 
179,060 
191,000 
215,000 
21,5 ¿000 





109220 





10,000 x 120,500 А 17,850 
115,000 
161,000 
179,500 


192,000 
211,000 
215,000 








feet 


| 30,000 


20,000 


10,000 


knots 


rae‏ ہے سے 


205.50 
2211.05 
687570 
219.00 
250.55 
221,50 
298.10 


EOS 
222.70 
21,1 ,35 


| 250.06 


260.25 
271.10 
292.70 


205.25 
22l, . 90 
239.95 
250.20 
258 .95 
213.25 
292.70 


ft?/sec? 


1245209 
100 
161,880 
178,000 
193,000 
226,000 
254,000 


118,200 
112,000 
166,500 
179,000 
191,000 
215,000 
25 3 O00 


120,500 


115,000 


0 با16 
179,500 
192,000 
211,000 
000 5 215 
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Table VII. 


: А + 
Determination of Cy versus A 
Take-off С.с, 2846019 в мл.С. 


nn mn 





n=1 (Flight No.3) n=1.5 (Flight No.l) 
$ ind 57 Nave Cy, Sind | 5“ 
units | deg lbs units | deg 
213 § 0.13 | 18,200 218 |-0.15 
239 | 0.35 25 s 
236 0.52 21 0.25 
231 | 0.62 239 0.35 
233 0.68 237 0.17 
232.1 0٥ 236 0.52 
2٣٦ 235 [۹.۹0۲ 
217 |-0.10 1,60 257 |-0.65 
23 |+0 8. 253 |02 
211 0.25 250 |-0.25 
239 0.35 218 1205 
238 0.40 246 |-0.03 
236 0.52 213 |+0.13 
235 |+0.57 211 |+0.25 
219 |-0.20 | 17,310 258 1-04 70 
215 |+0.02 255 |-0.53 
212 0.19 252.51 -0.h0 
20 0.30 251 |4031 
239 0.35 219 |-0.20 
237 Оё Т 217 |-0.09 
236 | 0.59 203 [40.13 











fable VIII. 


Correcting Data to vormon vu.G.'s 


n=1 
Common C.G. 22.14 3 М.А.С. 
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Table VIII. 
(continued) 


Correcting Data to Comron C.G.'s 


n=1 
Cormen C.G. 27.77 32 MAC. 












CG shift 


constant corr 





C CD CD C C C O O 
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Table VIII. 
(continued) 


Correcting Data to Common C.G.'s 
| n= 155 


Common C.G, 22.71 $ M.A.C. 


H CG shift 
D constant 


feet 4 MAC | deg/ 3 MAC 


20,000 


10,000 








Table VIII. 
(continued) 


Correcting Data to Common C.G.'s 


n=1.5 
Common С.С. 27.71 $ M.A.C. 
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Comparison of Cago at Cy=.325 
(Experimental and Theoretical) 
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